By Rat Bioassay Determination
According to the label, they are made up of the following ingredients: Soybean oil meal, cane molasses, fish meal, condensed buttermilk, corn gluten meal, irradiated brewers' type yeast, 4 oz. per ton wheat germ oil, O. P. linseed oil meal, corn oil meal, ground oats, wheat bran, wheat flour middlings, ground yeUow corn, ground hulled barley, ground hulled oats, ground whole wheat, whole milk powder, alfalfa leaf meal, vitamin A oil, I/~ per cent steamed bone meal, I per cent calcinm carbonate from limestone, 2 per cent salt. Table I . It corresponds essentially to the formula described in reference 15, except that diet 20 C contains 20 per cent casein. The casein used was "Vitamin free casein," a product distributed by Nutritional Biochemical Corporation (Cleveland). The vitamins and minerals were added in the forms of mixtures as indicated in Table I . (Table I) was identical with that of 20 C, except that it contained only 8 per cent casein, the balance being made up with cerelose.
Diet o ° C + AA.--This is diet 8 C supplemented with 12 per cent amino acid mixture to render its content in organic nitrogen similar to that of 20 C. The composition of the amino acid mixture is presented in Table II . This mixture has been shown to allow rapid regeneration of blood constituents in rats subjected to repeated bleedings (16) .
Diets 20 C, 8 C, and 8 C -}-AA were resuspended in equal weights of 7.5 per cent gelatin in tap water at approximately 40°C. The mixtures were spread in flat pans and allowed to harden in the refrigerator. They were then cut in sections approximately I0 gin. each for distribution to the animals. As already mentioned, food and water were provided ad I/b. daily (except for week-ends and holidays when an excess was provided to last for 2 to 3 days).
~StrLTS AN~ comLEN~S
Effect of Dietary Proteins on Weight Gains of Uninfected Animals.--
Non-infected mice fed pellets, diet 20 C, or diet 8 C shortly after weaning be-gan to eat avidly within 1 to 2 days and gained weight regularly from then on.
Figs. 1 and 2 illustrate typical growth curves for males or females (averages for groups of 8 animals) maintained for 1 month or longer on pellets or on diets 20 C or 8 C. As will be noticed, the animals commonly lost weight at the beginning of the experiment, until they had become adjusted to their new regimen. Following this initial loss, mice fed diets 20 C and 8 C gained weight at approximately the same rate, somewhat more rapidly than did those fed pellets. The weight gains to be reported in the various experiments (see accompanying tables) are in agreement with the general trend indicated in Figs. 1 and 2 . 
Effect of Dietary Protein on Susceptibility to Infection.-
In a large number of independent experiments, carried out over several months (from December, 1956 to July, 1957), mice were fed diet 20 C, diet 8 C, or pellets for various lengths of time as indicated in the various tables. They were then infected by the intravenous route with Staph. aureus (Giorgio), Myco. fortuitum (Penso), or Myco. tuberculosis (Vall~). Following infection the animals were maintained on the same diet that they had received during the experimental period prior to infection. The cumulative numbers of deaths at various periods of time after infection are recorded in the respective tables.
As seen in Tables III to VIII and XI, mice fed diet 8 C died of infection much faster than did mice fed diet 20 C. The resistance of mice fed pellets was in general intermediate between that of the other two groups. The effect of diet on the outcome of infection was qualitatively the same whatever the species of pathogen used, the size of the infective dose, and the duration of the disease. For example, the differences between the diets could be readily recognized whether death was caused by an acute staphylococcal infection causing death within a few days (Table III) , or by tuberculosis with a protracted course of several months (Table VI and VII) .
Resistance was obviously independent of the weight of the animal at the time of infection or of the weight gained before infection. ~o% casei n Increase in casein content of the diet from 8 to 20 per cent clearly brought about a marked increase in resistance, thus demonstrating the importance of the quantitative aspect of protein intake. On the other hand, pellets were much less effective in inducing resistance to infection than was diet 20 C, even though their protein content is high (21 per cent or more). As reported under Methods, the proteins of pellets are derived from many sources, espedally of vegetable origin, and are probably inferior to casein in nutritional value. It is of interest to mention in passing recent publications by Hedgecock from which it appears that mice fed commercial pellets developed immunity more slowly than mice fed casein diets supplemented with mixtures of certain fatty acids (17) .
In addition to the casein, diets 20 C and 8 C contained 3.75 per cent gelatin and small amounts of nitrogenous constituents present in potato starch. The fact that diet 8 C, on which animals were highly susceptible, contained as much gelatin and potato starch as did diet 20 C on which they were resistant, makes it unlikely that these materials played any role in resistance to infection. I Male mice; fed bread and milk for 3 days (after weaning) before being placed on experimental diets.
Effect of Amino Acid Supplementation on Weight Gain of Uninfected Animals.--Experiments were instituted to test the effect on susceptibility to infection of diets containing amino acids instead of protein. The amino
Infected i.v. with 0.05 ml. My¢o. fortuitum (Penso).
acid mixture (AA) selected for this purpose was one that had been shown b y other investigators to be highly effective in supporting the regeneration of blood constituents when fed to rats subjected to repeated bleedings. (16) . Its composition is presented in Table H . I t was found, however, that mice refused to eat diets containing this amino acid mixture without protein. On the other hand, the AA mixture could be rendered more acceptable by adding to it 8 per cent casein. In view of this fact, the amino acid mixture AA was added to diet 8 C in a proportion of 12 per cent of the total weight in order to bring the nitrogen content to a level approximately similar to that of diet 20 C.
Even under these conditions, the AA mixture imparted to the diet 8 C certain characteristics which decreased its acceptability by mice. This was particularly noticeable during hot humid days when the great hygroscopicity of diet 8 C + AA changed its physical characteristics. As a rule, mice fed the 8 C + AA diet increased in weight somewhat less rapidly at first, and less (out of 8 mice) regularly, than did those fed 8 C (see Tables VIII, IX , and X). Indeed, marked loss of weight was often observed during the first few days following the change to the casein amino acid diet.
Effect of Dietary Amino Acid on Resistance to Infection.--The effect of
supplementation with AA on susceptibility to infection was tested by techniques identical with those reported in the preceding section. It was found that mice receiving diet 8 C + AA for 8 days or longer before infection exhibited much greater resistance to Staph. aureus and to Myco. fortuitum than did mice fed diet 8 C for the same length of time (Tables VIII, IX, and X) . Indeed, supplementation with the amino acid mixture AA rendered diet 8 C at least as effective as diet 20 C (which contains 20 per cent casein) in inducing resistance to infection. Experiments are underway to determine the kind of amino acids, and the amount required, to elicit the increase in resistance to infection brought about by supplementation with the AA mixture.
It is worth emphasizing again that the increase in resistance to infection caused by addition of 12 per cent AA to diet 8 C occurred despite the fact that mice fed the supplemented diet had gained weight less rapidly than had those receiving diet 8 C without amino acid supplementation.
Effect of Time of Administration of Experimental Diets on Susceptibility to
Infection.--In all experiments reported in the present paper, the mice used were young, most of them having been put on the experimental diets less than 2 weeks after weaning. Under these conditions, the change in susceptibility to infection could be detected as shortly as 1 week after the be- ginning of the experiment (Table X) . It has been repeatedly observed, however, that more prolonged feeding of any particular diet did not necessarily magnify its effect on susceptibility, as illustrated in Tables IX and XI. In these experiments, profound differences in response to Staph. aureus and to Myco. forluitum were observed when mice on diets 8 C and 20 C were tested 14 days after being put on the diets. However, these differences became less pronounced or disappeared altogether when the infection tests were carried out later--namely when the animals received the challenge infection after having been fed the experimental diets for 37 days (Tables IX and XI) . It does not seem profitable to discuss here the nature of the adaptive mechanisms which progressively obliterated the effects of composition of the particular diets used on susceptibility to infection with Staph. aureus and Myco. fortuitum. Suffice it to point out that an analogous situation has been observed in earlier experiments carried out in this laboratory. In brief, it was then found that mice rendered susceptible to infection by quantitative dietary restriction eventually recovered their resistance while being maintained on the same restricted regimen (18) .
SUMMARY
Groups of young albino mice were fed continuously four different types of diets and were compared with regard to (1) rate of weight gain; (2) resistance to experimental bacterial infections.
The protein content of the four diets was as follows: ( The experimental regimens were begun at different times before infection, and were continued until death of the animal, or until termination of the experiment.
It was found that mice on the 8 C diet exhibited much greater susceptibility to infection than did mice on the 20 C diet; mice receiving pellets were intermediate between these two groups. The infection-enhancing effect of the 8 C diet could be entirely corrected by amino acid supplementation (diet 8 C A-AA). Indeed, mice fed diet 8 C -t-AA proved the most resistant to infection.
The fact that animals fed pellets (which contain a minimum of 21 per cent protein) consistently died faster following infection than did animals fed diets 20 C or 8 C + AA suggests that qualitative characteristics of the protein in the regimen are as important as the quantity of protein fed in determining susceptibility to infection.
The differences in susceptibility exhibited by the mice on the four experimental diets were the same whatever the species of bacterial pathogen used for the infection test, the size of the infective dose, and the duration of the disease.
There was no apparent relation between the effects of the diets on the weight curves of the animals, and on resistance to infection. Mice on diet 8 C (which were most susceptible) gained weight as rapidly as those on 20 C and more rapidly than those fed 8 C q-AA (which were most resistant).
All the tests reported in the present paper were carried out with young mice, which were placed on experimental diets within 1 to 2 weeks after weaning. Preliminary experiments suggest that the relation between dietary factors and susceptibility to infection was more difficult to bring out in older animals. There was evidence also that this relation was most apparent during the first weeks that the animals were fed the experimental diets, and became less striking after several weeks.
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